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FOREWORD

This report presents the work accomplished for the Phase II part
of NASA Contract KASB-2601, "Determination of TIG Welding Control Para-
meters and Requirements for the Automation of Out-of-Position Welding."
This report includes the results obtaipned with out-of-position auto-
matic welding two aluminum plate alloys with three oscillator mech-

anisms,
TITIE:

Fhase IT - Determination of TIG Welding Control Parameters
and Requirements for the Automation of Out-of-Positiom
Welding.

J. M, Lambase

: 2787¢
In FPhase II an oscillator was designed and built that has
an adjustment mechanism for varying bead width during the
welding operation. This oscillator produced satisfactory
weld Joints. A comparison investigation conducted between
the cross seam, radius, and adjustable oscillators indicated
no appreciable differences in weld quality, bead appearance
and heat affected zones for joints made with the three
oscillators. Automatic welding was performed in the wvertical
(travel up and down) and the overhead positions. Excellent
side wall and interpass fusion was obtained in 2014 and
5456 aluminum plate alloys welded in these positions. Work
accamplished in Phase I has been reported in Reference (a).

T T e ——
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IRTRODUCTTION

Extensive out-of-position welding will be regquired for on
site space vehicle fabrication. These vehicles may require welds
up to 150 feet long. When ocut-of-position vertical welds are
made manually excellent fusion can be obtained at the joint side
wvalls. A convex bead is formed that blends into both side walls
eliminating notches. A disadvantage of the manual operation is
that it is time consuming since the welder cannot meke long weld
pesses without frequent starting and stopping. Another factor
to consider when making mamiel welds on large structures is the
possibility of weld quality variation due to operator fatigue
and judgement. It would be desirable to develop a mechanisa
wvhich sirmlates the manusl weave bead technigue and which conld
be attached to cammercially available autamatic TIG equipment.
This mechanism should have en adjustment for varying bead width
fram O to 14" and for changing the direction of the arc as it
approaches the joint side walls. The welding equipment should
have & high degree of functional and repetitive relisbility,
minimize operator decision and surveillance, and be a relatively
low cost flexible unit.
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1. OBJECTIVES

1.1 Design an oscillator that will have an adjustment for changing the
bead width during the welding operatiom.

1.2 Veld panels in the vertical position with the cross seam , radius,
and variasble weld bead adjustable oscillator and compare results obtained

with each oscillator,

1.3 Weld panel in the overhead position with the adjustable oscillator.
5.  MATERIAL

The following aluminum materials were used in the Phase II
investigation:

\ “Nominal Percent Chemical Composition
Material THK MN | MG | CR | SI FE | CU | Z8 | T1]
5456 3/8", 1f2", 3/b" |.15| 1.0} .25] .6 | .7 .31 251 .14
201h 1/2" 8] .b- .8 L}
43S Filler 1/16" 05} .05 5.2y 8| .3 ] .11 .2
Dia.

3. EQUIPMENT

3.1 The radius, cross seam, and weld bead width adjustable oscillators
shown in Figures 1, 2, 3, 4, 5, 6 were designed, built and tested. The
radius oscillator provides a motion that changes the direction of the
arc as it approaches the joint side walls. The arc is directed at the
side wall at an engle of 45 degrees. There is no angular change in

the position of the arc with the cross seam oscillator motion. The
weld bead adjuster oscillator arc motion is similar to the radius
oscillator, however, the bead width can be varied during the welding
operation with the adjustable oscillator. All three oscillators are air
driven with frequencies from 0 to 300 rpm. Oscillator amplitudes
can be varied from O to 1 1/2 inch. The Airco water cooled torch
(Model-50A) shown in Figure 1 was positioned in the oscillator. Two
percent thoriated tungsten electrodes were used throughout the program.

3.2 A Vickers selenium rectifier power supply (300 amp) and direct
current - straight polarity current was used to weld the test panels.
Arc voltage control was not used with the test apparatus mounted on
the milling machine bed. (See Figure 7). A Honeywell Viscorder was
used to record amperage and voltage outputs and torch oscillation
frequencies,
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3.3 Vire feed drive was supplied by the Airco variable speed motor
and guide rolls. Water cooled copper guide tips were used to feed
the filler vire into the weld puddle. '

b.  PROCEDURE
L ]

4.1 The redius, cross sesm and sdjusteble oscillators were attached to
the test spparatus. Autamatic welding was accomplished in the vertical

up, verticel down and overhesd positions (See Figures 7, 8, and 9).

Welding parsmeters for these positions are reported in (Tables I thru VIII).

k.2 The joint design was the same for all the two-foot long test penels
welded in the Phase II investigation (See Table I thru Table VIII). A

root opening was not used at the butting edges. The machined joints were
cleaned with acetone to remove shop lubricants, sanded with "Bear Tex® to
remove the oxide, and then cleaned with acetone. Thereafter the test panels
wvere handled with vhite gloves when being attached to the test apparatus.
The 1/16" diemeter filler wire was used in the as received condition.

4.3 During the welding operation the arc length was manually controlled.
The operator maintained arc length by observing a voltmeter and making are
length adjustments when a chsnge in arc voltage occurred.

4.k  The wire which was not oscillated with the torch, was added to the
weld puddle preceding the torch in the direction of travel. The wire
extended one half inch from the end of the copper wire feed guide tip

prior to entering the puddle.

4.5 Preheating of the aluminum plates was accamplished using the tungsteam
torch. This was accomplished by moving the torch wp and down a three inch
distance at the start of the weld joint. A thermocouple was attached near
the start of the weld (See Figure 8) to determine if the desiged root pess
and interpass temperatures were being maintained during the welding
operation. Preheating of the joint was not required after the initisl root
pass, :

4.6 The welded joints were x-rayed end photomicrographs were prepared to
evaluate side wall and interpass fusion.




—

m Test Apparatus

Set-Up For Welding
Vertical Down

Pigure 8







15 Gt REV. 9.8t

Ral 4]

NORTH AMERICAN AVIATION, INC.

INTERNATIONAL AIRPORT
LOS ANGELES 9. CALIFORNIA

NA-62-86k-1
11.-27-62
Page 13

Table I

CROSS SEAM OSCILLATOR
VERTICAL POSITION ,
AUTOMATIC TIG WIELDING VARIABLES
" WITHOUT ARC VOLTAGE CONTROL

Panel Code !O. 5-22

5456 Al. Matl.

Filler - 1/16" Dia. 438
Current - DC-SP

Torch Ges Flow - He 90 CFH
Travel Speed - 2.5 IPM
Tungsten Dia, - 1/8"

aialiln

| |l 3/w"
5/32" ‘ / t__ 125"

Weld Passes
Variables 1 2 3 4 5

O\

Amperage 175 | 175 | 175 180 185 180
Voltage 12 13.5| 1b 1k 1% b1 Y

Wire Feed - | 17 28 k3 1 35 36 30
I
Oscillator |None| 1/8"| 5/32" 3/16"{ 7T/32"{ 17/32"
Amplitude

Oscillator None 90 100 90 90 90
Frequencies

Preheat - first 3 inches of joint heated to 130°F with TIG torch.
Interpass temp. - 125°F.
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Table II
Data Sheet No. 2

RADIUS OSCILLATOR

VERTICAL POSITION
AUTOMATIC TIG WELDING VARIABLES
WITHOUT ARC VOLTAGE CONTROL

Panel Code No. 5-26

Shk56 Al. Matl.

Filler - 1/16" Dia. k38
Current -~ DC-SP
Torch Gas Flow - He 90 CFM
Travel Speed - 2.5 IPM
tungsten Dia, - 1/8"

e [

NA-62-864-1
11-27-62
Page 1k

.

| R
5/32" _j
Joint Design
. Weld Passes
Variables 1 2 3 h 5 6
| Auperage 1o | 1o |1 |10 | 10 | 170
. Voltage 13 1k 1k 15 15 14
! Wire Feed - | 17 28 31 35 35 3
! IPM
i Oscillator | Nome| 1/8™ | 5/32" | 3/16"} 7/32"} 7/32"
Amplitude
Oscillator | Nome| 105 | 135 | 120 105 105
Frequencies
(cr™)

Preheat - First 3 inches of Joint heated to 130°F with TIG torch.
_ Interpass temp. -~ 125F to 150F.
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Table IXIX
Data Sheet ¥o. 3

ADJUSTABLE OSCILLATOR
VERTICAL POSITION
AUTOMATIC TIG WELDING VARIABLES
WITHOUT ARC VOLTAGE CONTROL

Panel Code No. 6-28
5456 Al. Matl.

Filler - 1/16" Dia. k38
Current - DC-SP

Torch Gas Flow - He CFH
Travel Speed - 2.5 IPM
Tungsten Dia. - 1/8"

A"~

FORM 18-G-1 REV,

5/32" — t ]
Joint Design -125
Weld Passes

Variables |1 2 3 B |5 6
Amperage 175 175 | 180 180 180 180
Voltage BTSN BTN AT 1k 1k 15
Wire Feed - | 21 ok 28 32 32 ko
™™
Os¢illator | None | 1/8" i 3/16" | T/32" | 9/32" | 9/32"
Amplitude
Oscillator | Nome | (1) (1) (1) (1) (1)
Frequencies ,

(1) Oscillation frequencies not recorded, however, it is believed

to be between 100-125 CPM.

Preheat:

Interpass temp. - 130°F to 1LO°P

First 3 inches of joint heated to 130°F with TIG torch.
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Tables IV
Data Sheet No. b

CROSS SEAM OSCILLATOR
VERTICAL POSITION
AUTOMATIC TIG WELDING VARIABLES
WITEOUT ARC VOLTAGE CONTROL

Panel Code ¥o. 6-30

5456 Al. Matl.

Filler - 1/]-6' m‘o ~§
Current - DC-SP

Torch Gas Flow - He 90 CFH
Travel Speed - 9 1/2 IPM
Tungsten Dia. « 1/8"

/v\ 25'*51“'*

5/52" B _/ | B YT

Joint Design

He ,
2 3 h ‘5 6 7

Variables 1
Amperage 190 { 240 | 2ko0 240 2ko 2ko 2ho
Voltage 15 15 16 15 15 15 15
Wire Feed - 60 100 100 100 100 100 100
I
: Oscillator | Nonme 1/8": 5/32"; 3/16"| T/32"; 1/4" | 1/k"
; Ampliture
Oscillator | None; (1) (1) (1) (1) (1) (1)
Frequencies

(1) Oscillation frequencies not recorded.

Preheat: First 3 inches of joint heated to 130°F with TIG torch.
Interpass temp. - 120 F - 130 F.
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Table V

ADJUSTABLE OSCILLATOR
OVEREEAD POSITICH
AUTOMATIC TIG WELDING VARIABLES
WITHOUT ARC VOLTAGE CONTROL

Panel cm ’o. 8"5

5456 Aluminum Matl.

Filler - 1/16" Dia. k38
Current « DC-SP

Torch Gas Flow - He 90 CFH
Travel Speed - 5 IPX
Tungsten Dia., - 1/8%

/—\ 25 45 fe—

| '}
ﬂl
},—JJ— !
5/32" R ___ b

Joint Design

Veld Passes
Variables 1 2 3 b 5
Amperage 200 200 200 200 200
Voltage 1k 16 16 16 16
Wire Feed = | 26 50 50 60 60
IPM
Oscillator | Fome | 1/8™ ! 3/16"} 1/k" | 1/4"
Amplitude |
Oscillator | Nonme | 240 | 2ko 2ko 2ko
Frequencies

(crM) B

Preheat: First 3 inches of joint heated to 130’F with TIG torch.
Interpass temp. - 130°F - 160°F.
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AUTOMATIC TIG WELDING VARIABLES
WITHOUT ARC VOLTAGE CONTROL

Table VI

Data Sheet No. 6

ADJUSTABLE OSCILLATOR

VERTICAL POSITION

2014 A1, Matl,

Filler - 1/16" Dia. b3S

Current - DC-SP
Torch Gas Flow - He 90 CFH

Travel Speed - 2.5 IPM
Tungsten Dia, - 1/8"

5
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i

1/2"

s/ — /1L yee

Joint Design
Weld Passes
Variables 1 2 3 b
Amperage 175 180 | 180 180
Yoltage 15 15 15 15
'Wire Feed = | 2k 32 32 35
™™
'Oscillator | None | 1/8" | 3/16" | 3/16"
" Amplitude L .

Preheat - First 3 inches of joint heated to 130°F.

Interpass temp. - 135°F.
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Table VII

Data Sheet No. 7

ADJUSTABLE OSCILLATOR
VERTICAL POSTTION

AUTOMATIC TIG WELDING VARIABLES
WITBOUT ARC VOLTAGE CONTROL

2014 Al. Matl.
Filler - 1/16" Dia. 438
Current - DC-SP

NA-62-86h-1
11-27-62
Page 19

Torch Gas Flow - He 90 CFH

Travel Speed - 2.5 IPM
Tungsten Dia., - 1/8"

A\ 258 fa

\J 4

1/2

5/32" R _/ L we T
Joint Design
Weld Passes )
Variesbles 1l 2 3
Amperage 175 180 | 185
Voltage 15 15 15
Wire Feed - . 2k ko ks
IPM
Oscillator | None| 1/8"{ 3/32"
Amplitude

Preheat - First 3 inches of joint heated to 130°F.
Interpass temp. - 140°F.
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Table VIII

ADJUSTABLE OSCILLATOR
VERTICAL POSITION-DOWN

AUTOMATIC TIG WELDING VARIABLES
WITHOUT ARC VOLTAGE CONTROL

Panel Code No. 10-2

5456 Aluminum Matl.

NA-62-86hk-1
1-27-62
Page 20

Filler - 1/16" - Dia. 438
Current - DC-SP
Torch Gas Flow - He 90 CFH
Travel Speed - 5 IPM
Tungsten Dia, - 1/8"

s

— /T

5/32" R ——/ T_st

Joint Design
1 Weld Pasges
; Variables 1 2 3 'Y 5 6
Amperage 170 180 180 195 195 190
jVoltage 13 1k 'S 1 1k 1k
- Wire Feed - | 26 Ly 57 65 65 65
™
' 0scillator ! Nome ! 1/8" | 3/16™ i 1/h" | 9/32" | 9/32"
. Amplitude
Oscillator | None | 20 @ 2h0 2ko 2ko 2ko
Frequencies
(cem) 1 o 3

Preheat - Fii'st 3 inches of joint heated to 130°F. Interpass
Temp. - 14O°F.
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5. RESULTS AND DISCUSSION

5.1 The sdjustable oscillator (See Figures 5 and 6) functioned properly.
Figure 10 is a photograph of a bead-on-plate weld made with the adjusteble
oscillator. The amplitude of oscillation was continucusly veried from

3/8" to 1 1/2" during the welding operation. The bead-on-plate edges
blended into the base materisl without any undercutting. Satisfa

nulti-pass welds were made in the grooved joint with this oscillator (See
Figure 11). These passes have a smooth appesrance with even repetitive
ripple pettern and the edges blended intothe side wall without any
undercutting. Similer type welds were produced with the other two oscillators
(radius and cross seam). A typical weld joint produced with the oscillators
is shown in Figure 12. Excellent side well and interpass fusion was obtained
with all three oscillators, havever, the adjustable oscillator is preferred
over the other oscillators. Both rotating oscillators will yield a greater
guarantee of side wall fusion than the cross seam oscillator since the are is
rotated towards the side wells, but the adjustable oscillator presents the
added ability of changing bead width as welding proceeds.

5.2 Satisfactory out-of-position welds were made at three travel speeds,
2.5 I”M, 5.0 IPM and 9.0 ITPM. Above 9.0 IPM satisfactory welds could not

be made because the operator was unsble to mzke the proper adjustments with
the test apparstus controls during the welding operation. Arc voltage and
wire feed adjustments are the two welding verisbles which could not dbe

changed or controlled satisfactorily sbove 9 IFM travel speed. Finer end more
sensitive equimment controls sre required to weld at faster travel speeds.
Equipment control modifications will be designed and built in Phase IXI.

5.3  Seversl test welds were made using 3/32" di=meter filler wire, however,
it was difficult for the operator to make a satisfactory multi-pass weld
with this wire diesmeter. The position of the 3/32" di=meter wire with
respect to the weld puddle 1is critical in tke relatively nerrow grove that
is being welded. Any slight deviation of the wire feed from the center of
the puddle interferes with the oscillating tungsten and adjustments to
correct this deviation is difficult for the operator to make. With the
smaller dismeter wire, 1/16", the location of the wire with respect to the
weld puddle is not critical. The wire can be feed into any part of the weld
puddle and, if necessary, adjustments can be easily be made by the operator.
The 1/16" diemeter wire cen be feed into the "U" joint with restes ranging
from 15 IPM to 100 IPM. The 100 IPM is the maximm speed that cen be
obtained with the availsble wire feed motor, however it is believed that
the wire could feed at faster rates with a higher speed motor.

5.4  The adjustable oscillator was used to weld panels in the vertical

up, vertical down and overhead positions. Similer and acceptable weld bead
appearace was obtained in the three positions. These welds were made adding
filler wire in front of the tungsten electrode with respect to weld

travel direction. Wire feed addition and control were satisfactory with
the wire ahesd of the tungsten. A test weld was also made with the wire
following the tungsten. Sztisfactory welds could not be made in this way
because the wire was being fed into the portion of the puddle where
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solidification is occurring. This solidification causes the wire to stick
or breek off. When the wire feed precedes the tungsten it is being fed
into the portion of the puddle where melting occurs. This provides
sufficient heat to continuously melt the wire and thereby eliminate the
sticking problem.

5.5 Weld quality was evaluated on the basis of North Amercian Aviation
Fusion Welding Specificaetion (Reference (b)). All weldments were free of
cracks, lack of fusion, and lack of penetration defects. Figure 12 is a
photamacrograph of a typical weld. The multi-pass weld beads have a smooth
aprearance with an even repetitive ripple pettern, the edges of the welds
blended into the base metal without overlap or undercut.

5.6 Considereble porosity was present in weld test penel 10-2. The
photamacrograph shown in Figure 13 revealed that most of this porosity was
concentrated in the initial weld pass. Root pass porosity was also consider-
able in psnels 5-22 and 5-26. The drop thru was machined off these panels
end the weld joint was re-X-rayed. The X-ray film revezled that a major
portion of the porosity was removed from the weld jJjoint. There was some
porosity in the other weld pesses, however, the size and distribution of the
porosity was within the limits specified in the RAA welding specificatioa.
The use of back-up gas coversge during root pass welding would minimize

or eliminate root pass porosity. Figure 14 and 15 shows a comparison of

the root side of weldments mede with en without gas back-up. The root

pass surface is smooth, free of oxides and blends into the parent material
vhen gas back up is used. This Indicates that the root side is protected
from air contamination which will produce considerzble porosity. Cas
back-up was achieved using & plastic chamber on the root side of the joint.
Weld panels 6-28 and the 2014 test welds which had acceptable root passes
(See Tables VI end VII) were made without backing gas, however, it is
difficult to consistently reproduce satisfactory root passes without back-up

gas.

5.7 Weld panel 6-28 contain tungsten inclusions which are not acceptable.
During the joining operation the welder adjusts the torch to maintain the

desired arc voltage. Sometimes due to over edjustment the tungsten touches ther

molten puddle snd tungsten particles sre added to the Joint. This could
be minimized by incorporating & more sensitive arc length control knob.
This will be incorporated in the Phase III equipment.
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6. CONCLUSION

6.1 Automatic out-of-position weave bead welding can be performed on 201k and
5456 alumimm alloys in the overhead, vertical up and vertical dowa positions
using cross seam, radius, and adjustable oscillators.

6.2 The radius and adjustable oscillators provide a greater guarantee of side
wall fusion than the cross seam oscillator since the arc is rotated towards the
side walls. The adjustable oscillator provides better torch control thaa the
radius and cross seam oscillators since the weld bead width can be varied during
welding.

6.3 Backing gas. 1is recommended on the back side of the joint during root pass
veldm.

6.4 TImproved sensitivity is required in the arc length control adjustment.
7. FUTURE WORK '

7.1 The Phase III work which includes construction and delivery of equipment to
NASA will commence immediastely on receipt of NASA approval for this report and
the Phage II results. Clarification of redirection of effort and equipment
delivery as previously discussed with the NASA technical representative
(Reference C and D) 1s also required.
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